Introduction {#sec1-1}
============

Complete preparation of the root canal space is one of the most important stages in endodontic treatment. During preparation, irrigant and debris such as bacteria, dentin fillings, and necrotic tissue may be extruded into the periradicular region leading to periapical inflammation and postoperative flare-ups.\[[@ref1]\] Tissue reactions following instrumentation short of the apex are milder than those reactions that follow instrumentation beyond the apex.\[[@ref2]\] It is also known that inflammatory reactions can cause bone resorption, edema, and pain.\[[@ref3]\] Therefore, it is logical to assume that minimizing the amount of apically extruded material should minimize postoperative reactions.

All preparation techniques and instruments have been reported to be associated with extrusion of infected debris, even when preparation is maintained short of the apical terminus.\[[@ref4]\] Vande Visse and Brilliant first quantified the amount of debris apically extruded during instrumentation. They found that instrumentation with irrigant produced extrusion, whereas instrumentation without irrigant produced no collectible debris. Martin and Cunningham\[[@ref5]\] reported that less debris was extruded when the intracanal preparation was accomplished with and ultrasonic instrument. Al-Omari and Dummer\[[@ref6]\] verified that techniques involving a linear filing motion, such as the step back techniques, create a greater mass of debris than those involving some sort of rotational action. Reddy and Hicks\[[@ref7]\] were the first to compare apical debris extrusion between manual instrumentation and engine-driven techniques. When comparing the mean weights of apically extruded debris, they noted that the step back technique produced significantly more debris than the engine-driven techniques and the balanced force tech-nique. They suggested that rotation during instrumenta-tion, in both the engine-driven techniques and the balanced force technique, tended to pack the dentinal debris into the flutes of the instruments and directed them toward the orifice

Engine-driven nickel-titanium instruments have been shown to prepare the root canal rapidly, and maintain the canal shape and working length with few aberrations during root canal preparation. They are available in various designs that differ in tip and taper design, rake angles, helical angles, pitch, and presence of radial lands.\[[@ref8]\]

The distinguishing feature of the ProTaper System is the progressively variable tapers of each instrument that develop a "progressive preparation" in both vertical and horizontal directions. The ProTaper cross-sectional design resembles that of a reamer, with three machined cutting edges and convex core.\[[@ref9]\] K3 instruments (Sybron Endo, West Collins, CA) are reported to have a slightly positive rake angle in combination with so-called radial land relief and asymmetrical cross-sectional design.\[[@ref9][@ref10]\] The M two cross-sectional design resembles that of the S-file, no radial lands, progressive blade chamber (pitch) in the apical-coronal direction and a non-cutting tip.\[[@ref11]\]

The purpose of this study was to compare *in vitro* the amount of debris and irrigant extruded apically from extracted teeth, using manual technique and crown-down pressure less technique by ProTaper, K3, and Mtwo instruments.

Materials and Methods {#sec1-2}
=====================

Forty freshly extracted human single-rooted mandibular premolar teeth with mature apices were selected. All teeth were radiographed in bucco-lingual and proximal directions to check for a single canal and single apex. Teeth with calcification and open apices were excluded. Endodontic access cavities were prepared (Endo Access Bur, Dentsply Maillefer, Switzerland) in a high-speed handpiece and pulpal remnants were extirpated using a broach.

Test apparatus {#sec2-1}
--------------

Glass vials with rubber stoppers were adjusted for use using a heated instrument to create a hole through the centre of each. A tooth was inserted under pressure into a rubber stopper up to the cemento-enamel junction. The apical part of the root was suspended within the vial; which acted as a collecting container for apical material evacuated through the apical foramen. A bent 19-gauge needle was forced alongside the rubber stopper to use as a drainage cannula and balance between the air pressure inside and outside the vials. Two coats of nail varnish were applied to the external surface of all roots. A hole was created in the nail varnish that covered the apical foramen using a size 15 K-file. During this procedure, only 1 mm of instrument was extruded. The rubber stopper with the tooth was then fitted into the mouth of the vial. Glass vials were entirely filled with 0.9% saline solution.

Root canal preparation {#sec2-2}
----------------------

After working length determination, the vials were divided in 4 groups of 10 each. Then the rotary NiTi instrument groups were prepared with an Endomate endodontic handpiece at low speed (300 rpm) and automatic reverse function mode.

**Group 1:** ProTaper rotary files were used in a crown down manner according to manufacturer\'s recommendations. (Sequence -- S1-Sx-S2-F1-F2)

**Group 2:** K3 instruments were used in a crown down manner according to the manufacturer\'s instructions. (Sequence -- 35-30-25)

**Group 3:** Mtwo rotary files were used according to manufacturer\'s recommendation (Sequence -- 10/0.04-15/0.05-20/0.06-25/0.06)

**Group 4:** K-file instruments were used in a step back manner. Apical preparation was done up to size 30 and the step back technique was used with a reduction of 1 mm in working length for an increment in each file size until size 45. Recapitulation was done to working length with 30 size file.

A total volume of 7 mL of 3.1% Sodium Hypochlorite was used in each root canal for irrigation because of the different numbers of the files in groups. The irrigant was delivered by disposable plastic syringe with an attached 27-gauge stainless steel needle that had been placed down the canal until slight resistance was felt. Extruded irrigant was collected from the needle into a disposable plastic insulin syringe attached to the Canula \[[Table 1](#T1){ref-type="table"}\]. The volume of the extruded irrigant was determined using the 0.1-mL increment on the syringe.

###### 

Mean weight of extruded debris and mean volume of extruded irrigant in all groups.
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After determining the volume of the extruded irrigant, the rubber stopper-tooth-needle unit was removed along the collecting vial and volume of the extruded irrigant was added to the vials. Vials were stored at 37°C for 15 days to evaporate the fluid. After 15 days, salt deposits and dry debris with vials were weighed to 10^-5^ precision. This is the first weight measurement.

Vials were cleaned with distilled water, dried, and entirely filled with 0.9% saline solution and the rubber stopper-tooth-needle unit was fitted into the mouth of the saline-filled vial. Excess saline solution was drained out through the needle and then the rubber stopper unit was removed. Saline solution (0.9%) of volume identical to collected irrigant from the preparation was added and the vials were stored at 37°C for 15 days to evaporate the fluid again. Salt deposits and vials were again weighed to 10^-5^ precision. This is the second weight measurement.

Mean first weights were compared with the mean second weights and their difference was recorded as the weight of the extruded debris. The volume of the extruded irrigant was directly measured from the syringe attached to the cannula. Statistical analysis of the data was performed using Kruskal-Wallis one-way analysis of variance and Mann-Whitney U tests.

Results {#sec1-3}
=======

The results indicated that all instruments tested had a measurable apical extrusion of debris and irrigant. No statistically significant difference was observed among all groups in terms of debris extrusion (*P* \> 0.05). Most apical debris and irrigant extruded was seen in the manual technique group and least in the Mtwo group.

Discussion {#sec1-4}
==========

The main objective of the present study was to assess the apical extrusion of dentin debris and irrigant as a result of canal shaping by different preparation; molar teeth were carefully selected according to tooth type, canal size, working length, and canal curvature. The teeth were digitally radiographed from clinical and proximal views to ensure that they had single canals and orifices. In previous studies, Reddy and Hicks\[[@ref7]\] used single-rooted mandibular premolar teeth. Myers and Montgomery\[[@ref12]\] used single-rooted maxillary lateral incisors and mandibular premolars, Ferraz *et al*,\[[@ref13]\] used maxillary and mandibular central and lateral incisors with single canals, and Lambrianidis *et al*, used maxillary central and lateral incisors.

In this study, the canal working length was 1 mm short of the apical foramen. Martin and Cunningham\[[@ref5]\] demonstrated greater debris extrusion when canals were instrumented at a length where the file was observed to just protrude through the apical foramen versus 1 mm short of the apical foramen. Myers and Montgomerz\[[@ref12]\] clearly showed that a working length 1 mm short of canal length contributed to significantly less debris extrusion. Beeson *et al*,\[[@ref14]\] reported that, when the instrumentation was performed to the apical foramen, significantly more debris was forced apically than when instrumen-tation was 1 mm short.

In this study, using engine-driven Nickel-Titanium instruments for the canal shaping extruded less debris and irrigant than K-files. In case of engine-driven instruments early flaring of the coronal part of the preparation may improve instrument control during preparation of the apical third of the canal. The rotary motion tends to direct debris towards the orifice, avoiding its compaction in the root canal.\[[@ref15]\]

In case of K-files, the reason for more apical extrusion of debris is that the file acting apical third acts as a piston that tends to push the debris through the foramen and less space is available to flush it out coronally.

In this study, group I (Protaper) produced more apical debris than group II (K3) because K3 has unique helical angle and pitch than protaper. Group III (M two) produced less debris than group I (Protaper), Group II (K3) and Group IV (K-files) because the distance between the cutting blades increases from the instrument tip to the shaft,and the pitch is progressive. The space for dentin removal is deeper at the back of the blade. This reduces the risk of apical extrusion of debris.

Zarrabi *et al*,\[[@ref16]\] compared Profile, RaCe, and Flex-Master instruments with the step-back technique and reported that the step-back technique extruded greater debris than rotary instruments. Ferraz *et al*,\[[@ref13]\] reported that the Profile instruments induced less extruded debris and irrigant than manual technique. Our results were similar to previous studies that showed that engine-driven instruments extruded less debris and irrigant than manual technique.

Based on the results, all instrumentation techniques produced extruded debris and irrigant. However, the engine-driven nickel-titanium systems were associated with less apical extrusion and irrigant.
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